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SUMMARY 
1. Field and hatchery data were used to test simple models (Crisp, 
1980; Crisp, in press) for the prediction of times of 50% eyeing, 50% 
hatch and 50% swim-up for brown trout (Salmo trutta L.) and Atlantic 
salmon (Salmo salar L.). 
2. As the data on water temperature and observed dates of development 
suffered a number of defects in accuracy, close agreement between observation 
and prediction could not be expected. 
3. The results show that, for the three models with reasonably adequate 
data bases (50% eyeing for salmon and 50% hatch for salmon and trout) 
the predicted dates were generally within + 14 days and often within 
+ 7 days of the observed dates. The predicted percentage of completed 
development was 100 ± 10% on the observed date of completion. 
4. For the three models with grossly inadequate bases (50% eyeing 
for trout and 50% swim-up for trout and salmon) the agreement was less 
satisfactory. The predicted date of 50% eyeing was 7-18 days earlier 
than the observed date for trout. The observed dates of swim-up were 
usually later than predicted for trout (21 days or more) and 14-21 days 
early for salmon. This may, in part, at least, reflect the effects 
of physical difficulty in emergence from the gravel. 
5. In general, the models tested are likely to be of some value for 
predictive purposes. However, a safety factor should be allowed in 
practical applications. So far as the prediction of swim-up times is 
concerned, this factor should be large (c. 3 weeks). 
INTRODUCTION 
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Crisp (in press) derived simple models from published data for the 
prediction from water temperature of hatching times for the eggs of 
brown trout (Salmo trutta L.) and Atlantic salmon (Salmo salar L.). 
A similar model to predict eyeing time for salmon eggs was obtained and 
used, largely by analogy, to develop equations which might be used to 
obtain very approximate estimates of eyeing and swim-up times for salmon 
and brown trout (Crisp, unpubl. report 1980). As the models were based 
on data for constant temperatures and some of them also had a very 
inadequate data base, it was desirable that they should be tested, as 
far as possible, against field and hatchery observations. The present 
report is a brief summary based on such data as have been obtained to 
date. 
None of the data sets were ideal for the purpose and the various 
inadequacies are discussed later in this report. 
SITES 
Brief details of the sites used are given in Table 1 and observed 
or estimated monthly mean temperatures for the period of incubation 
at each site are given in Table 2. 
Great Eggleshope Beck is a fairly typical Pennine moorland stream 
which receives most of its water from surface sources. Eggleshope 
Spring is a small tributary of Great Eggleshope Beck. It is fed chiefly 
by drainage from mine workings and has a more equable temperature regime 
than the main stream. Eggleshope Spring "a" is closer to the source 
than Eggleshope Spring "b". 
The Carl Beck and Thorsgill sites are at lower altitudes and situated 
in areas of rough pasture and improved pasture with woodland, respectively. 
The Grassholme channels are fed by compensation water from Grassholme 
reservoir. 
Slapestone Sike is a high altitude stream at Cow Green. It is fed 
largely by limestone springs and has higher water temperatures in winter 
than the surface-fed streams in that area. 
The hatching tanks at Kielder hatchery are fed by water from the 
Kielder Burn. 
DATA COLLECTION & QUALITY 
1. Temperature Data 
The temperature data were of rather variable quality. They can 
be broadly considered as three groups: 
(i) Daily means obtained from continuous records made by thermographs 
close to the incubation sites. The data from Grassholme Channels 
and Slapestone Sike were of this type. 
(ii) Daily means obtained from continuous records but at greater 
distances from some of the incubation sites. These include the 
data from Great Eggleshope Beck, Thorsgill and Carl Beck. 
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TABLE 1. Summary information on the sites 
TABLE 2. Monthly mean water temperatures. 
(iii) Daily means estimated in various ways'. No thermograph was 
sited in Eggleshope Spring hut water temperatures were measured 
at weekly intervals by means of a mercury-in-glass thermometer and 
these were related, by means of calculated regressions, to the 
thermograph records from the main stream. The calculated regressions 
were then used to estimate daily mean temperatures at the two incubation 
sites in Eggleshope Spring. At Kielder hatchery water temperatures 
were taken twice daily (morning and afternoon) and the mean of the 
two readings has been used as an estimate of the daily mean. 
It is important to note that the thermographs record to an 
accuracy of only c. + 0.5°C. To this error must he added those of 
instrument calibration and others which might arise from differences 
between stream water temperature and the temperature of the intra-
gravel water (Ottaway &. Forrest, 1981, unpubl. report). It is, 
therefore likely that appreciable errors in prediction of rate 
of development will arise from errors in the estimates of daily 
mean water temperatures as even the + 0.5°C error inherent in the 
instruments is large compared with the monthly mean temperatures 
(Table 2). 
2. Material 
Most of the eggs planted in Teesdale streams were obtained by 
stripping fish of local origin, generally from the stream in which 
these eggs were to be planted. 
The salmon eggs at Kielder Hatchery were taken from North Tyne 
salmon by Northumbrian Water Authority staff and were then reared as part 
of the Authority's routine rearing and stocking programme. 
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3. Estimation of rates of development and criteria used. 
The methods and criteria for determining the dates of fertilisation, 
50% eyed, 50% hatch and 50% swim-up varied between sites and according 
to circumstances. 
The date of fertilisation was known exactly for all the brown trout 
eggs. The salmon eggs at Kielder were collected over several days and a 
mean fertilisation date has been applied to them. 
Assessment of 50% eyeing is a relatively subjective matter and 
some variation between observers would be expected. In contrast, 50% 
hatch can be determined objectively. The definition of 50% swim-up 
presents some problems. It is, perhaps best defined as the point in 
time at which the alevin emerges from the gravel, fills its swim bladder, 
and becomes a free-swimming fry with neutral buoyancy. In the hatchery 
tanks at Kielder and the type of incubation unit used at Slapestone 
Sike it is reasonable to assume that this process took place as soon as 
the development of the fish and the physical conditions were suitable. 
However, in Great Eggleshope Beck, Eggleshope Spring and Thorsgill 
swim-up was determined from catches in alevin traps positioned over the 
planted eggs. Under these more natural conditions the alevins may have 
faced physical difficulties in emerging from the gravel and this would 
cause delays in swim-up date, as compared with alevins in hatchery 
conditions. 
The embryonic material (or a sub-sample of it in a separate container) 
was examined at frequent intervals and the dates of 50% eyeing, 50% 
hatch and 50% swim-up were determined as accurately as possible. However, 
errors of a few days are likely for most of the material planted in 
natural streams and these arise from two causes: 
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(a) The 50% points for each stage generally had to be assessed 
by visual inspection rather than by precise counts. 
(b) In some instances, development to a particular stage changed 
from 0% to 50% between two inspections a few days apart. The 
date when 50% of the material had reached the appropriate stage 
was then estimated by interpolation for the Slapestone Sike material. 
For. the other Teesdale sites, the inspection date upon which the 
nearest percentage to 50% was observed was taken as the 50% point. 
Neither of these two approaches is likely to lead to errors of more 
than + c. 3 days, though the latter method will tend to overestimate 
the observed development times. 
THE MODELS 
The models used are those given by Crisp (1980, unpubl. report) 
and it should be noted that the only ones with anything like an adequate 
data base are those for 50% eyeing of salmon eggs and for 50% hatching 
of trout and salmon eggs. The other limitations of the models were fully 
discussed in the earlier report and by Crisp (in press). 
METHOD 
The models were used, in conjunction with estimated daily mean 
water temperatures at each site, to calculate daily rates of development 
(as 100 , where D is the number of days required for 50% of the material 
D 
to reach the appropriate stage) from the day of fertilisation onwards. 
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The daily values of were then added together and the date on which 
reached 100 was taken as the predicted date for 50% of the material 
to have reached that particular stage. These predicted dates were then 
compared with the observed dates. However, when considering the physiological 
processes of poikilotherms estimation of the differences between observation 
and prediction in terms of days (when mean temperatures and, hence, 
rates of development vary between days) is open to criticism. Therefore, 
the results have also been expressed as predicted on the date 
when the stage was observed to have been reached. 
RESULTS 
A summary of observed and predicted dates is given in Table 3. 
The predicted date of 50% eyeing for brown trout was generally 
7-18 days earlier than the observed date, though for one batch of eggs 
in Grassholme channels it was 7 days later than the observed date. 
The predicted dates of 50% hatch for brown trout were reasonably 
close to the observed dates, with discrepancies of 7 days in 55% of 
hatches (n = 11), 14 days in 91% of batches. The discrepancies for 
all eleven batches give an average of 0.4 days early 
The predictions of 50% swim-up for brown trout were less satisfactory. 
The prediction occurred earlier than the event by an average of 7 days 
(n = 14). The discrepancies between observation and prediction were 
17 days for only 14% of the egg batches and 21 days for 71%. The 
fact that swim-up occurred, in general, later than predicted, may in 
part reflect the use of alevin traps in some streams. In hatchery tanks 
and the type of rearing conditions used at Slapestone Sike, swim-up might 
be expected soon after the alevin is sufficiently developed to emerge. 
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TABLE 3. Observed and predicted dates for 50% eyed, 50% hatched and 50% swim-up. The data for Kielder Hatchery are 
for Atlantic salmon, the remainder are for brown trout. 
However, in natural stream gravels the physical difficulties of emergence 
might cause some delay. Additional delays might he expected from the 
fact that, upon emergence within an alevin trap, the fry will not 
necessarily immediately move to the cod-end of the trap and he detected. 
In Slapestone Sike, where delays of this type would not he expected, 
swim-up occurred 24 days earlier than predicted for one hatch of eggs 
and only one day later than predicted for the other hatch. 
Regardless of the reasons for the relatively large discrepancies 
between predicted and observed dates of 50% swim-up, it is important to 
hear in mind the fact that, under natural stream conditions, swim-up 
was usually later than predicted, sometimes by several weeks. 
The observed and predicted dates of 50% eyeing and 50% hatch for 
salmon were within + 3 days of one another. The dates of swim-up were 
2-3 weeks earlier than predicted. 
The results are given in Table 4 in the form of the predicted 
percentage of development to each stage on the date when that stage was 
observed. Values of more than 100% imply that the event occurred later 
than predicted and vice versa. 
For brown trout, predicted development on the observed date of 
50% eyeing was within + 20% of completion for 67% of egg hatches and 
a very similar value was obtained for development to 50% swim-up. 
The agreement between observed and predicted development was closer 
for 50% hatch, with predicted development within ± 10% of completion 
for 73$ of egg hatches. For Atlantic salmon predicted development 
to each of the three stages was always within + 15% and generally within 
+ 10%. 
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A rather more rapid method of prediction is to predict mean rates 
of development based either on monthly mean temperatures or on mean 
temperatures throughout the period of incubation. Monthly mean temperatures 
were used to estimate the predicted percentage of development towards 
each stage on the date when that stage was observed to be reached. 
As compared with the results based on daily mean temperatures (Table 4), 
the values based on monthly means generally gave a lower value, usually 
by less than 5% but sometimes by as much as 18%. This suggests that 
use of monthly means may have some value- as a method of rapid prediction. 
However, it should be borne in mind that the discrepancy between results 
obtained in this manner and those obtained by the more precise method 
will vary with the mean incubation temperature and with the fluctuations 
about that mean. In some circumstances discrepancies larger than those 
observed in the present analysis might be expected. . 
DISCUSSION 
The agreement between predicted and observed percentages of develop-
ment is reasonably close, generally within + 10% for 50% eyeing of salmon, 
and 50% hatch of salmon and trout. These are the only processes whose 
rates can be predicted from models based on reasonably adequate numbers 
of data pairs. The prediction of 50% swim-up for salmon also appears 
to be within + 10% of observed, though this conclusion is based on only 
two observations and should, therefore, be treated with caution, especially 
as the predictive model is based on only three data pairs. The models 
for prediction of 50% eyeing and 50% swim-up for brown trout are based on 
relationships developed from the corresponding regressions for salmon 
and cannot be expected to give any more than very approximate predictions. 
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TABLE 4. Predicted percentage development to each stage on the date when the event was observed to occur. 
The results (Table 4) confirm this and indicate that the model generally 
predicts a date of 50% swim-up for trout which is several weeks earlier 
than the observed date. Although this may partly reflect the fact that 
alevin trap catches were used to estimate swim-up dates at those sites 
where the largest discrepancies were observed, this is not necessarily 
the sole explanation. Therefore, predictions based on these two models 
should be treated with considerable caution and a safety factor of 
several weeks should be added to predicted dates when they are used for 
operational purposes such as determining optimum dates for large reservoir 
releases. Similar caution should be exercised in use of the 50% swim 
up model for salmon. Although prediction and observation agree well 
for this species, the observed swim-up date is based on alevins in 
hatchery tanks and it is possible that swim-up under field conditions 
could be later than predicted because the alevins might take some time 
to escape from the gravel. 
There is an urgent need for more data upon which to base models 
for the prediction of embryonic development of salmonids from temperature. 
Temperature is likely to be the best available single predictor of 
developmental rate, though Hamor & Garside (1976) have shown that additional 
factors such as oxygen concentration, and intragravel flow also have some 
influence. 
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APPENDIX I. Additional data on embryonic development of brown trout 
in hatchery tanks. 
i 
During the winter of 1980-81, batches of eggs from a hatchery 
stock of brown trout were reared to hatching in controlled temperature 
tanks at the F.B.A. Windermere Laboratory. A summary of the results 
is presented here (Appendix Table 1), by courtesy of Drs. T.B. Bagenal 
and J.M. Elliott. 
The following points should be noted: 
1. The temperatures could not he controlled very closely, so 
arithmetic means of observed temperatures have been used in the 
predictions. 
2. There was considerable mortality, especially at low temperatures. 
3. The number of days to the start and end of hatching were recorded 
and mean of these has been used as an estimate of days to 50% hatch. 
4. Predicted number of days to 50% eyeing was generally rather less 
than the observed number, but the discrepancy was always less 
than 8 days. 
5. Predicted number of days to 50% hatch was 10 days longer than 
observed at 4.17°C, and 6 days less at 12.44°C but there was close 
agreement between observed and predicted at 6.13 and 10.00°C. 
Table 1. Observed temperature range and mean temperature, observed number of days to eyeing and of first and 
last hatching, estimated days to 50% hatch, and predicted days to 50% eyed and 5 0 % hatched. 
